A high performance liquid chromatographic method was developed and validated for the quantitative determination of brinzolamide and brimonidinetartrate. Employing an isocratic RP-HPLC Phenomenex C18 (5 μm, 250×4.6 mm) column resulted in an adequate separation for brinzolamideand brimonidine tartrate with retention time of 5.7±0.345 and 3.8±0.568 min, respectively. Best resolution was achieved with the phosphate buffer (pH 6.6):acetonitrile:methanol (45:15:40) as mobile phase pumped at the flow rate of 1.0 ml/min with the detection wavelength of 254 nm. Regression coefficient for both brinzolamide and brimonidine tartrate was found to be 0.9993 and 0.9965, respectively indicating linearity within the concentration range. Fractional factorial design, 24-1 was applied to assess the robustness of the developed method. Various independent variables selected for robustness testing were wavelength, acetonitrile volume in the mobile phase, flow rate and pH of the mobile phase. It was statistically evinced that retention time of drugs without the loss of resolution between two drugs, is affected by varying the independent variables flow rate and acetonitrile volume in the mobile phase from minimum to maximum. Hence, the limits must be strictly defined for the method conditions; flow rate and acetonitrile volume in mobile phase for optimum separation of drugs with acceptable retention time and resolution. The validation parameters like linearity, precision, accuracy, limit of detection and limit of quantitation were also found to be suitable. The proposed method can hence be successfully applied to quantify brinzolamide and brimonidine tartrate during quality control of formulation.
A novel fixed dose combination for open angle glaucoma approved by USFDA combines a carbonic anhydrase inhibitor brinzolamide (BZ) (1%) with an alpha agonist brimonidine tartrate (BT) (0.2%) [1] . BZ chemically is (R)-(+)-4-Ethylamino-2-(3-methoxypropyl)-3,4dihydro-2H-thieno-[3,2-e]-1,2-thiazine-6-sulfonamide-1,1dioxide [2] ( fig. 1a ) and BT chemically is 5-bromo-6-(2-imidazolidinylideneamino) quinoxaline L-tartrate ( fig. 1b ) [3] . An official method for the quantification of BZ is available in the United States Pharmacopoeia [2] and various analytical methods like spectrophotometry and chromatography are available for estimation of BZ in combination with other ophthalmic drugs other than BT [4] [5] [6] . Also for the estimation of BT and its combination with ophthalmic drugs other than BZ several analytical methods like HPTLC, HPLC, spectrofluorimetry are reported [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . As far as simultaneous estimation of BZ and BT is considered, spectrophotometric methods [25] [26] [27] and HPLC method is reported [28, 29] . The reported method for simultaneous estimation by BZ and BT by HPLC does not include the application of design of experiments (DoE) in robustness testing as a part of extensive method validation. The determination of robustness during analytical method validation nowadays is best known and most widely applied in the pharmaceutical world because of the strict regulations in that domain set by regulatory authorities which require extensively validated methods and also it facilitates the in detail study of the factors that negatively affects the quality in pharmaceutical analysis processes such as transfer of analytical method protocol from donor site to acceptor site. Hence, in the present work chromatographic method along with Quality by Design (QbD) approach to study robustness of the developed method has been reported.
The emergence of the use of QbD principles in pharmaceutical manufacturing has led to the application of QbD to analytical methods also, as per recent suggestions by FDA [30] implementation of QbD helps to develop robust method facilitating continuous improvement throughout the life cycle of the method. DoE is a good alternative than classical approach one variable at a time (OVAT) tool to evaluate robustness providing very innovative framework with a predictive probability that offers maximum information about how the factors influence the response evaluated while requiring minimum time that further can facilitate process of method transfer protocol from transferring to receiving site [31] [32] [33] [34] . Thus, in the present study, a multivariate approach using experimental design is employed to study the simultaneous variation of factors for a response to understand the robustness of the method thereby determining the critical factors and strict control of these critical factors during the execution of method.
Hence an attempt has been made to develop a simple, sensitive, economical and robust method for the simultaneous analysis of BZ and BT; and DoE was applied to assess the robustness of the developed method, followed by graphical interpretation of data by Pareto chart, 3D plots and statistical interpretation by ANOVA and MLR.
MATERIALS AND METHODS
Pharmaceutical grade BZ and BT were procured as a gratis sample from Biocon Limited, Bengaluru and Sun Pharma Advanced Research Centre, Vadodara, respectively. All solvents and chemicals used were of analytical grade, purchased from Merck Specialities Pvt. Ltd., India and S. D. Fine-Chem Limited, Mumbai, respectively.
HPLC, LC-2010 CHT, Shimadzu, Japan was used in the study. The method optimization was performed using Phenomenex C 18 (5 μm, 250×4.6 mm) column and diode array detector SPD-M20 A, Shimadzu, Japan. Development and validation of HPLC method was accomplished using LC solution software version 1.25 (Shimadzu, Japan). Method robustness testing using experimental design was carried out by Design-Expert trial version 9.0.1 (Stat-Ease Inc., Minneapolis). The calculations were carried out using Microsoft Excel 2010 software (Microsoft Corporation, USA).
Preparation of standard solutions:
Standard stock solutions of 1000 μg/ml for BZ and BT were prepared by weighing accurately 100 mg of BZ and BT, dissolving in small volume of mobile phase and diluting up to the mark 100 ml with the diluent mobile phase. Further dilutions from this standard stock solution were carried out to obtain a working standard solution of concentration 1000 ng/ml.
Method development and optimization of chromatographic conditions:
Chromatographic separations were carried out and the chromatograms were recorded using several solvents with different buffers as mobile phase to achieve proper separation of both the drugs with acceptable retention time, theoretical plates and resolution. Several solvents tried were methanol, water, acetonitrile and different buffers like potassium phosphate buffer of pH 4, 5, 6, 7, 10 and sodium phosphate buffer of pH 7. The mobile phase was filtered through 0.45 micron nylon membrane filter, degassed in ultrasonic bath and pumped from the respective solvent reservoir to the column at the flow rate of 1.0 ml/min. The column temperature was maintained at 25° and the detection wavelength kept was 254 nm (fig. 2) . The injection volume was kept 20 μl. Equilibration of column was practiced for 30 min prior to the injection of the drug solution. For the resolved peak, peak area, theoretical plates, retention time and resolution were recorded.
Validation of the current method was performed in accordance with the ICH Q2 (R1) Guidance for the determination of accuracy, precision, LOD, LOQ and sensitivity [35] . System suitability test was performed before analysis and the result of each system suitability test was compared with the defined acceptance criteria. Resolution (>2.0), retention factor (k>2), theoretical plate (N>2000), tailing factor (T≤2.0) and %RSD were evaluated for results from five replicate injections of the drug solution.
Linearity:
Linear relationship between peak area and concentration for both the drugs was evaluated over the concentration range of 50-1600 ng/ml. Homoscedasticity of the variances along the regression line of each drug was verified using the Bartlett's test. The standard deviation of slope and the intercept was calculated using ordinary least squares.
Precision:
Precision of the developed method was studied by performing repeatability and intermediate precision and it was expressed in % RSD. Three replicates of three concentration; 100, 200 and 400 ng/ml for both BZ and BT drug were analyzed on the same day for repeatability and on the different day to ascertain intermediate precision.
Accuracy:
The accuracy was evaluated by the methodological recovery studies to check the recovery of each drug at different levels in the sample solution for the optimized method. It was carried out by adding known amount of standard drug solution (125, 250 and 375 ng/ml) to the sample solution (250 ng/ml for each drug) at 50, 100 and 150% level and analyzing it by the proposed method, in triplicate. Percent recovery was then calculated for both the drugs, BZ and BT.
Robustness:
To study robustness, four factor fractional factorial designs (FFD) was employed (2 4-1 ). Full factorial designs were fractionated by the exclusion of experiments designed to identify higher order effects and this reduced designs are known as fractional factorial designs [36, 37] . The combinations of factor levels represent the conditions at which responses will be measured. Each experimental condition is called a run and the response measurement an observation. The entire set of runs is the design. Fractional factorial experiments uses known properties of the design to selectively reduce the size of an experiment and limiting the tradeoff of critical information that might be lost by not conducting a comprehensive investigation of all possible combinations of the levels of the factors of interest. Fractional factorial experiments allow informed decisions to be made about the consequences of reducing the size of an experiment [38, 39] . 
Specificity:
ICH guidelines define specificity as the ability to assess unequivocally the analyte in the presence of components which may be expected to be present [35] . In the present study the specificity of the HPLC method was examined by identifying the peak purity of the separated species to ensure that no co-eluting or co-migrating impurity was contributing to the peak's response. Peak purity was studied by evaluating the peak profile of the BZ and BT obtained by injecting sample solution of suspension containing 300 ng/ml BZ and 60 ng/ml BT.
Limit of detection (LOD) and limit of quantitation (LOQ):
The determination of LOD and LOQ was based on the average standard deviation of the response and slope of constructed calibration curves (n=5) as described in the linearity calculation. Hence, sensitivity of the proposed method was estimated in terms of LOD and LOQ using formulae; LOQ=10×σ/S and LOD=3×σ/S. respectively, where, σ is standard deviation of the Y-intercept of the five calibration curves and S is mean slope of five calibration curve.
In the present study, four factors i.e. pH of mobile phase (factor A), flow rate (factor B), acetonitrile volume in mobile phase composition (factor C) and wavelength (factor D) were selected based on the criticality of factors observed during trial runs, chromatographic intuition and experience gained from previous optimization studies. To quantitatively analyze the deviation from the original value for the considered response, the R t and percentage recovery, the arrays of factors examined were deliberately changed from the optimum method settings of both the drugs BZ and BT. The four factors with their deliberate changes in terms of high and low level is as shown in the Table 1 . The experimental domain of the selected variables included 8 experimental runs with coded values for factor levels using FFD. All experiments were performed in randomized order to minimize the bias effects of uncontrolled factors. Design expert software was used to predict the percentage contribution of each factor followed by ANOVA statistical analysis, along with graphical interpretation of perturbation, contour and 3D surface plot.
Application of analytical method for analysis of ophthalmic suspension:
One ml of the eye drop suspension formulation (1.0 and 0.2% suspension of BZ and BT, respectively) was accurately transferred in a 10 ml volumetric flask containing about 4 ml of the diluent mobile phase and it was sonicated for 5 min to obtain a clear solution followed by dilution up to the mark with the same diluent and filtration using a 0.45 µm nylon membrane filter. Further dilution was carried out to obtain final concentration of 300 and 60 ng/ml for BZ and BT, respectively. 20 μl of this solution was injected and the peak area from the obtained chromatogram was recorded. This study was repeated three times and percent recovery along with %RSD was calculated.
RESULTS AND DISCUSSION
The mobile phase was optimized for resolution of both drugs in short run time. A series of mobile phase including acetonitrile, water and methanol individually as well as in combination were tried in different ratio and compositions with the objective of satisfying system suitability parameter. Initially, methanol and acetonitrile alone and in combination with water, did not elute both the drugs, but resulted in elution of only one drug. Hence, acetonitrile was tried with methanol, where BZ was not eluted up to run time of 15 min. While methanol in combination with water/ acetonitrile (50:50) resulted in peak splitting with distorted peak shape for BT along with elution of BZ at R t of 7 min. Further, to improve peak shape and reduce peak splitting, it was thought of interest to adjust pH using different buffers to elute the drugs. Hence, the mobile phase containing phosphate buffer and methanol in ratio of 50:50 was attempted which resulted in the elution of both drugs, with fronting in peak for BZ. Further, ternary mixture mobile phase consisting of phosphate buffer (pH 7) along with acetonitrile and methanol was attempted which gave satisfactory elution profile for both the drugs, BZ and BT but the SST parameters obtained were not as per tailing factor (asymmetric factor, 1.094±0.321 and 1.010±0.138 for BZ and BT, respectively) were as per the specifications and the method applicability was found to be suitable.
The adherence to the Beer's law for BZ and BT was ascertained by regression coefficient (r 2 ) of 0.9993 and 0.9965, respectively (Table 2 ). Further homoscedasticity of variance for response peak area with respect to the concentration range of 50-1600 ng/ ml for BZ and BT was also validated by Bartlett's test. The results signified that the variance of response was homogeneous as the calculated χ 2 value for BZ (4.934) and BT (4.557) was found to be less than the critical value at 95% confidence interval, χ 2 (0.05, 7)=14.1. The LOD of BZ and BT was found to be 6.06 and 5.51 ng/ ml, respectively. The LOQ for BZ and BT was found to be 18.38 and 16.70 ng/ml, respectively. The low value of LOD and LOQ indicated adequate sensitivity of the method.
Specificity of the method was established by comparing retention time of both drugs BZ and BT, obtained from the formulation and the standard drug. The retention time of the standard drug and the formulation was found to be same for both the drugs (fig. 4) , so the method was found to be specific. Moreover there was no interference from excipients at the peaks observed for both the drugs and also the base line did not show any significant noise. There was no impurity detected for both BZ and BT ( fig. 5 ), while peak purity index was found to be 1.000 and 0.99994 for BT and BZ, respectively.
Precision of developed method was evaluated by repeatability and intermediate precision. The intraday precision for BZ and BT showed %RSD less than 0.26 and 0.29%, respectively (Table 2 ). And the interday precision for BZ and BT revealed %RSD less than 0.45 and 0.38%, respectively. The low value of % RSD represented good repeatability and reproducibility of the developed method.
Accuracy was carried out at three different levels 50, 100 and 150%. The percentage recoveries for BZ and BT were in the range of 99.84-100.62% and 100.34-100.63%, respectively. The low value of %RSD indicated the accuracy of the method; hence the developed method can be applied for routine drug analysis ( Table 2 ).
All the runs as per the design domain were performed independently and the effects obtained on the responses are as shown in the Table 3 . The factorial model selected for the response retention time showed that for the retention time of BZ and BT, the independent factors flow rate and acetonitrile volume in the mobile phase were significantly affecting the response. Changing the factors as per the experimental domain resulted in slight variation in the retention time of both BZ and BT without loss of separation. While for the response percentage recovery of BZ and BT no significant model terms were observed. All the statistical parameters were found to be in range depicting the best fit of the model applied as shown in Table 4 . Rather than analysis of single coefficient whole model equation was used and in depth analysis was carried out to assess whether they produced significant or non-significant effect on response. Equations obtained from the models were for retention time of BZ+5.54+0.066×A-1.04×B-0.37×C+0.092×D-0.4×A×C; retention time of BT+3.96+0.033×A-0.75×B-0.12×C+0.015×D-0.11 ×A×C; % recovery of BZ+99.55+0.21×A+1.57×B-0.27×C+0.52×D+1.73×A×D and for % recovery of BT+98.50+0.16×A+0.38×B+0.11×C-0.18×D+0.19× A×B+0.22×A×D. As per the constructed polynomial equation, factor B (flow rate) and factor C (volume of acetonitrile in the mobile phase) were significantly affecting the response and showed negative influence on the response retention time for both the drugs i.e. decreasing their levels increased the response.
Pareto and perturbation plots were constructed to evaluate the effect of factors on the response. Pareto chart and perturbation revealed that the factor flow rate (B) was contributing more in altering the response retention time compared to other three factors for both the drugs BZ and BT (figs. 6 and 7). The 3D plot showed that when pH and wavelength were kept constant at 6.6 and 254 nm, respectively and flow rate was changed from 0.8-1.2 ml/min decrease in the retention time of BZ and BT from 4.825-4.6 min and 4.425-3 min, respectively was observed and when volume of acetonitrile was increased from 10 to 20 ml, the retention time for BZ and BT was observed to decrease from 4.825 to 4.1 min and 4.9 to 3.5 min, respectively giving an indication of deviation of the response along with the retention of the resolution between the drugs to an acceptable level ( fig. 8) . The percentage contribution of the factors on response of BZ and BT showed that factor B, flow rate was having more effect on response, resulting in percentage contribution of 76.41% (R t for BT), 95.27% (R t for BZ), 40.73% (% recovery for BZ) and 46.63% (% recovery for BT). Analysis of variance (ANOVA) showed that the F statistic values for factors flow rate and acetonitrile volume in the mobile phase were higher and the associated p values for the retention time of BZ and BT were less than 0.05, indicating that the model could explain 95% of the variability. Hence, the limits has to be set and strictly defined for the flow rate (0.9-1.1 ml/min) and acetonitrile volume (12.5-17.5 ml) in the mobile phase for optimum separation of drugs with acceptable retention time and resolution while the method was found robust against small variation in wavelength and pH. Similarly, study of percentage recovery of BZ and BT showed that the method was robust against the evaluated four factors.
Analysis of synthetic ophthalmic suspension showed good recovery of 99.74±0.34% and 100.45±0.21% for BZ and BT, respectively and also % RSD value was found to be less than 2 indicating applicability of the method in the routine quality control testing of bulk drugs and marketed ophthalmic formulation.
Using isocratic RP-HPLC with UV detection mode, a simple, rapid and reproducible method for simultaneous estimation of BZ and BT in ophthalmic formulations was developed, optimized and validated. The percentage recovery of the drugs by the proposed method was in good agreement with the label claim of the formulation. Moreover, the relative standard deviation and coefficient of variation calculated were satisfactorily low, indicating the suitability of the proposed method for the routine estimation of ophthalmic dosage forms. Furthermore, fractional factorial design was successfully used to test the robustness of the developed HPLC method. Two level four factors Fractional factorial experimental design was employed successfully for evaluation of robustness. From results of ANOVA and analysis of Pareto, perturbation and response surfaces plots; it can be concluded that responses percentage recovery for BZ and BT are robust for all the four factors within selected range but for the response, retention time for both the drugs BZ and BT, a precautionary statement for setting the flow rate and acetonitrile volume in the mobile phase at its nominal value i.e. 1 ml/min and 15 ml, respectively should be included in the analytical procedure. 
